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The Italian Institute of Nuclear Physics (INFN) is involved in the development of a demonstrator
for a SiPM-based camera for the Cherenkov Telescope Array (CTA) experiment, with a pixel size
of 6×6 mm2. The camera houses about two thousands electronics channels and is both light and
compact.
In this framework, a R&D program for the development of SiPMs suitable for Cherenkov light
detection (so called NUV SiPMs) is ongoing. Different photosensors have been produced at Fon-
dazione Bruno Kessler (FBK), with different micro–cell dimensions and fill factors, in different
geometrical arrangements. At the same time, INFN is developing front–end electronics based
on the waveform sampling technique optimized for the new NUV SiPM. Measurements on 1×1
mm2, 3×3 mm2, and 6×6 mm2 NUV SiPMs coupled to the front–end electronics are presented.
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1. The prototype
1.1 The Detectors - Silicon Photomultipliers
In the following analysis, we present the performances of the Near Ultra–Violet Silicon Pho-
tomultipliers (NUV SiPMs) produced by Fondazione Bruno Kessler (FBK) [1]. The ongoing re-
search and development on this detecting technology has led to the production of photosensors
characterized by an array of Avalanche Photodiodes operating in Geiger mode (GM–APDs). They
are based on a p+− n junction and are suitable to detect light in the blue and near-UV wavelength
region [2]. Moreover, if compared to Photomultiplier Tubes (PMTs), SiPMs present several advan-
tages: compactness, ruggedness and insensitivity to magnetic fields. In addition, the breakdown
voltage of these devices is low (order of 30 V) and shows a limited temperature dependence of
about 24 mV/oC. The Photo Detection Efficiency (PDE) values are higher than 25% for 2 V of
over–voltage (OV) and about 40% at 6 V of OV in the range 390–410 nm [3].
The tested devices are NUV SiPMs of 1x1 mm2 area with a cell of 40 µm and 50 µm and
matrix of 16 SiPMs each of 3x3 mm2 area and 40 µm cell. In addition, some preliminary results
have been obtained testing a NUV SiPM characterized by a cell of 40 µm and an area of 6x6 mm2.
1.2 Front–end Electronics
The front–end electronics plays a crucial role in the acquisition of signals produced by SiPMs.
In order to optimize the current signal processing, a preamplifier has been designed based on a
AD8000 operational amplifier (OPA) in a transimpedance configuration, as shown in Figure 1. A
feedback resistance of 1 kΩ is used together with a 20 Ω decoupling resistance and the signal is
sent to the preamplifier in DC mode.
The original design has been modified by adding a Pole–Zero cancellation circuit [5] in order
to get rid of the long tail which characterizes the signal as shown in the left panel of Figure 2
. The origin of this effect is the signal recovery time due to the single cell capacitance and the
quenching resistor. The correction of the recovery time avoids the pile–up and the consequent loss
of information in the signal. The filter has been optimized with a capacitance of 470 pF in parallel
to a 1 kΩ resistance with a load of 50 Ω (Figure 1). As shown in the right panel of Figure 2, the net
effect of the Pole-Zero cancellation circuit is to attenuate the long tail with a minimal effect on the
signal amplitude. Further information about the development of the readout system can be found
in [6].
2. Silicon Photomultipliers Performances
The laboratory tests have been performed in a dark box where a laser (emission at 380 nm),
the photodetector, the electronics and a system of thermocouples have been placed. The original
design of the amplifier circuit was coupled to the SiPMs of 1×1 mm2 area (both 40 µm and 50 µm
cell), while the one modified with the filter was used for waveform acquisition of the 3×3 mm2
and 6×6 mm2 SiPMs. In the latter configuration, a printed circuit board (PCB) equipped with 16
AD8000 OPAs collected the current signals from the SiPMs and it was, in turn, connected to an-
other PCB endowed with 16 LEMO cables for the signal readout. These were sent to a TD5S5104B
oscilloscope in the case of the 3×3 mm2 and 6×6 mm2 SiPMs or to a DT5742 Switched Capacitor
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Figure 1: Scheme of the SiPM and the AD8000 OPA with a Pole-Zero cancellation circuit.
Digitizer (12 bit, 5 GS/s - 1024 storage cells/CH) for the 1×1 mm2 SiPM. As can been observed
in Figure 3, SiPMs of different area showed different signal widths (from 10 ns to 40 ns). The
effect of the Pole–Zero cancellation network is evident for the signals collected from the 3×3 mm2
detectors for which the filter has been optimized.
2.1 1x1 mm2 Area SiPMs
Measurements have been performed on 1×1 mm2 area SiPMs with cell size of 40 µm and
50 µm from a previous production run. The amplitude spectrum relative to the devices is repre-
sented in Figure 4 and the amplitude vs. the converted photoelectron number is illustrated in Figure
5 showing the expected linear correlation. Figure 6 represents the Poissonian distribution exhib-
ited by the amplitude distribution, which allows to estimate the number of photons detected by the
SiPM. The signal-to-noise ratio (SNR) has been evaluated as the ratio between the amplitude of the
single photoelectron peaks to the width of the electronic noise, as illustrated in Figure 7. Moreover,
the gain for different overvoltages has been evaluated for both the devices. This has been calculated
by integrating the charge produced by the SiPMs and performing a multi–Gaussian fit to the charge
Figure 2: Current signals from the preamplifier collected without (left panel) and with the Pole-Zero can-
cellation circuit (right panel).
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Figure 3: Amplitude spectra: Top left panel: 1x1 mm2 SiPM; Top right panel: 3x3 mm2 SiPM; Bottom
panel: 6x6 mm2 SiPM.
distribution. It is interesting to observe that the 50 µm cell detector is characterized by a higher
gain with respect to the 40 µm cell detector, for the same overvoltage value as shown in Figure 8.
Nevertheless at the same gain value, the SNR is higher for the 40 µm cell SiPM compared to the
50 µm cell detector.
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Figure 4: Amplitude spectrum and multi–Gaussian fit. Left panel: 40 µm cell SiPM ; Right panel: 50 µm
cell SiPM.
Figure 5: Amplitude as a function of the number of photoelectrons (PE). Left panel: 40 µm cell SiPM ;
Right panel: 50 µm cell SiPM.
Figure 6: Amplitude distribution with Poisson fit superimposed. Number of photons (λ ) is also shown. Left
panel: 40 µm cell SiPM ; Right panel: 50 µm cell SiPM.
Figure 7: Signal to noise ratio (SNR). Left panel: 40 µm cell SiPM ; Right panel: 50 µm cell SiPM.
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Figure 8: Comparison between the gain of 40 µm cell SiPM and 50 µm cell SiPMs.
/ 
Figure 9: Photo Detection Efficiency as a function of the excess bias (for a measurement at T = 21o C).
The PDE has been estimated, as the ratio between the number of photons detected by the
SiPM to the number of photons detected by a calibrated photodiode (Hamamatsu s3759), using as
light source the laser in pulsed-mode. The measurements have been performed with an integrating
sphere equipped with three ports on which the laser head and the detectors have been placed. The
PDE as a function of the overvoltage is shown in Figure 9 and the measured values confirm the
specification given by FBK.
2.2 3x3 mm2 Area SiPMs Matrix
The measurements of current signals from the SiPM sixteen–element matrix, where each de-
tector has an area of 3×3 mm2, have been performed by covering all but one channel with a black
mask. Three operating voltages corresponding to 3, 4 and 5 V of overvoltage have been used, veri-
fying the dependence of the signal amplitude with the bias. As shown in Figure 10 (top left panel)
the values fall between 4.00 mV/PE and 6.44 mV/PE. It is interesting to note that the amplitude
shows a uniformity better than 10% and the variation in SNR is limited to few %. This performance
makes the matrix of 16 SiPMs coupled to the above–described electronics a promising detecting
system for applications requiring a complex structure, such as the SiPM based camera of CTA.
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Figure 10: 3×3 mm2 SiPM (top panels) and 6×6 mm2 SiPM (bottom panels). Top left panel: Amplitude
distribution as function of photoelectron number (3×3 mm2 SiPM) ; Top right panel: Signal to noise ratio
for the 16 SiPMs of the matrix ; Bottom left panel: Amplitude spectrum (6×6 mm2 SiPM) ; Bottom right
panel: Signal to noise ratio (6×6 mm2 SiPM).
2.3 6x6 mm2 Area SiPMs
Preliminary measurements have been performed on SiPMs with 6×6 mm2 area and a cell size
of 40 µm. These SiPMs belong to the last production of FBK, have a breakdown voltage of about
32 V and a geometry optimized to reduce the dead zone area between the SiPMs when mounted in
matrices.
An array of 4 SiPMs has been considered and, as previously described, for each run only one
detector has been exposed to the light by covering the other three. Three biases have been selected
(overvoltage of 6, 7 and 8 V) and an example of amplitude spectrum taken at 6 OV is shown in the
bottom left panel of Figure 10. The Poissonian fit of the amplitude provides a value for the cross
talk of 38%. Finally, we evaluated the first photopeak signal–to–noise ratio and, as illustrated in
the bottom right panel of Figure 10, we observed that saturation is not yet reached. The SNR could
be improved by increasing the amplitude (and thus the operating voltage) but a compromise must
be found in order to avoid fluctuations in the signal due to electronic noise.
3. Future Work
A new generation of NUV SiPM with small cell size is under production at FBK. Based on
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measurement on prototypes we do expect a geometrical fill factor in excess of 75% on the single
6×6 mm2 devices, a PDE of about 40% and low correlated noise. In parallel, the configuration
shown in Figure 11 assembled with 3×3 mm2 SiPMs from two different productions and the new
6×6 mm2 is already under investigation and it will be useful to better compare the performances
between devices of different areas.
At the same time, further studies are in progress to improve the front–end electronics in terms
of signal sampling, optimizing the noise from diffuse light, and reducing the current signal tail.
Figure 11: Array of SiPMs containing detectors of different areas.
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